Occupant satisfaction with indoor environmental quality (IEQ) in office buildings has been completely related to selfestimated job performance and, probably, to overall company productivity. Poor indoor environmental circumstances can negatively affect occupants' physical health through poor air quality, extreme temperatures, excess humidity, or insufficient ventilation and psychological health through inadequate lighting, acoustics, and ergonomic design. Sustainable or green building rating systems is attempting to address IEQ and occupant health concerns by providing healthier building environments. Although many qualitative studies claimed that improved IEQ also improves health and productivity and has provided substantial motivation to build green, quantitative studies are needed to prove these relationships. This research shows an outline of the results from a post occupancy evaluation (POE) study on indoor environment, occupant health, and wellbeing in two office buildings in greater Cairo: conventional building and green building certified using the Leadership in Energy and Environmental Design (LEED) Rating System; which is owned and occupied by the same origination. Evaluation of IEQ is based on 'Building Use Studies' (BUS) occupant questionnaire which applied in both buildings. This research highlighted that occupants productivity in office buildings can be enhanced through good building design, and provision of a high quality, healthy, and functional interior environment, that takes consideration of basic occupant needs.
INTRODUCTION
Green Building movement gained further wide-scale acceptance with the development of marketable green certification systems such as Leadership in Energy and Environmental Design (LEED) which provides guidance for development of sustainable design, construction strategies and award certification for utilizing such strategies, thus considering the buildings as green. Sustainable or Green architecture, are terms used to describe "buildings that are minimizing the use of resources, reduce harmful effects on the ecology, create better environments for occupants, improve indoor air quality, and reduce building impacts on human health and the environment and encouraging a sense of well-being." [1] .
One of the most significant benefits of green buildings is improving indoor environmental quality (IEQ). The term IEQ most commonly refers to a mixture of factors such as: air quality, thermal comfort, lighting, and acoustic conditions result mainly from design decisions and building operation procedures. A variety of building design and operational strategies affect IEQ, which in turn affects various human response factors: occupant comfort, well-being, health, and productivity [1] . 1 The benefits of improving IEQ are immediately obvious when one considers two factors. First, it's been estimated that people spend approximately 90 % of their time indoors [2] . It means that IEQ can have a potentially important effect on various human factors [3] . Therefore, the health risks may be greater due to exposure to indoor air pollution than that of the outdoor.
Secondly, the major goal in office building is to establish comfort environment, which may maximize human productivity .From economic aspect, Cost of energy saving or energy operating costs are sometime much smaller than that of productivity loss. Various sources estimate that 90 % of the costs of a building are associated with employees' salaries, compared to only 9% being associated with owning and maintaining the building [4] . (4) .
As green building movement became more frequent, evaluating the design intentions is significant . For decades Post-Occupancy Evaluation (POE) has been one of the strategic implementations of analysis on building sustainability after occupancy. POE has been defined by Zimring & Reizenstein [5] as examination of the effectiveness for human users of occupied design environment. . Among the benefits gathered from POE is that it helps to identify successful design features to be repeated [6] , identify problems to mitigate or reduce, improve building environment and performance [7] , fine tune completed buildings, identify redundant or unnecessary building features and empower users to negotiate building issues and others.
In order to create better indoor environment for the future, which not only expected, but take full advantage of all the changes that are taking place, it is important to have a comprehensive POE method, one that includes assessments of occupant well-being and productivity, completes the feedback loop that is essential for the successful future development and improvement of building design and practices.
IMPORTANCE OF INDOOR ENVIRONMENTAL QUALITY AND OCCUPANT WELL-BEING
Reducing buildings' energy consumption is the strongest factor for green buildings [8] . Most of green building rating systems provide the highest rating credits for reducing energy consumption. Indoor Environmental Quality (IEQ) is usually less emphasized in green building rating systems despite it's the relevant area of the Green accreditation process that relates to well-being and productivity [9] .This is also despite the fact that In devoped countries people spend approximately 90 percent of their time indoors (U.S. Environmental Protection Agency & the U. S. Consumer Product Safety Commission 2004), making them more prone to health risks due to exposure from indoor air pollutants [8] . Indoor Environmental Quality (IEQ) problems are not limited to one type of buildings as poor IEQ can negatively affect the health, productivity, and wellbeing of occupants in any of these buildings. Wargocki et al. [10] found a relationship between poor IEQ conditions and Sick Building Syndrome (SBS), and between good IEQ and improved health and productivity. Sullivan et al. [11] showed how improving buildings' IEQ increased occupant satisfaction and performance. Mendell & Heath, G. A. [12] found that poor indoor environmental conditions can have adverse effects on their well-being and their performance in general. In addition to could cause dizziness, throat irritations, and other health problems which could in turn lead to decreased occupant satisfaction, and productivity [13] . Even though these studies seem to establish a relationship between IEQ and occupant well-being, there is a need for a more in-depth investigation of these issues [14] . The investigation of these issues is complicated by how difficult it can be to quantify the value of improved occupant health and productivity and resulting costs or cost savings [15] .
One of the most popular green rating systems developed to date is the LEED system, established by the U.S. Green building Council (USGBC) in 1998 as a voluntarily US national standard for developing green commercial buildings [16] Since its foundation, the system has proven to be a popular choice for certifying new and existing green buildings [17] .Although there are claims to the improved IEQ of green buildings certified using this and other systems, there is little empirical evidence in the literature to substantiate such claims.
INDOOR ENVIRONMENTAL QUALITY FACTORS
Indoor Environmental Quality (IEQ) refers to the quality of a building's environment in relation to the health and well-being of its occupants, and includes aspects of design, analysis, and operation that lead to energy efficient, healthy, and comfortable buildings [18] . In this research, it specifically refers to the measured parameters of four main aspects: thermal comfort, indoor air quality, lighting quality and acoustic quality.
Thermal comfort is defined as that condition of mind which expresses satisfaction with the thermal environment [19] . It was identified that when 80 percent of the building occupants were satisfied with the surrounding thermal conditions, the thermal environment is then in a satisfactory condition [20] . Parameters such as temperature, humidity, and air flow are take into consideration to recognize the thermal comfort level in particular zone [21] .
Indoor Air Quality (IAQ) refers to thermal conditions that can affect occupants' health and well-being. Health threats such as headache, fatigue, respiratory problems, and irritations or allergies of nose, eyes, and throat may arise when the air consisting of pollutants such as biological contaminants such as mould, radon, carbon monoxide and formaldehyde [22] . 
METHODS

Sample Selection
This research is studying a LEED certified office building and its previous accommodation building. The buildings will be referred to as Building A and Building B. The names of the buildings were omitted for confidentiality purposes. The two sample office buildings are located in Greater Cairo, Egypt. Both buildings are operated by the same owner which is an engineering and architectural firm. Building A is a LEED NC Gold certified building while Building B is a conventional office building. It should be noted that occupants have been working in Building B before they move to the new workspace Building A. Table 1 summarizes the main features of the two office building selected. The operator of the two studied buildings is an international engineering and architectural firm, which consolidating all of its offices currently scattered throughout Cairo. Glazing system About 85% About 50%
Green rating LEED NC Gold Not certified
Occupant Survey (BUS Method)
The BUS questionnaire is a self-reporting method of PostOccupancy Evaluation (POE) developed in 1985 by Adrian Leaman of BUS Ltd [26] . This method has been developed in 1995 when it was applied to a series of government funded building performance evaluation studies in the UK [27] . This questionnaire has been developed from the original 16 page BUS Office Environment Survey version to their present 3 page version, which was used for this research. The BUS questionnaire was used to explain the limitations of current questionnaires in measuring perceived indoor envronmental factors. The use of this questionnaire was necessary as it is a popular method of measuring the effect of IEQ on occupant satisfactions and productivity through self-report. It is applied internationally and its results have been used extensively in this area of research. The questionnaire contains questions which are concerned with office environmental performance and operational matters. It uses a structured Likert scale of 1-7 over 45 key variables evaluated in the questionnaire. While the questionnaire was designed to capture the overall perception of a building, only sections addressing IEQ and productivity were considered in this research.
The 45 questions include IEQ parameters and BD&FM factors [28] as shown in Table 2 . IEQ factors amend questions about temperature in winter and summer, acoustic quality, and lighting. The BD&FM parameters got opinions about building image, design, space, fit-out, cleaning, the availability of meeting rooms and storage, occupant health, well-being and behaviour, and response to problems. Baird and Thompson have included a more detailed description and the full text of the BUS surveys [29] . 
Data Collection
The BUS hard-copy survey was given to the occupants in the buildings, approximately one week before the physical measurements. Occupants were invited to take the survey by buildings' directors and divisions' managers.
The questionnaire was given to the occupant in the morning hours (9-10 am) of the day. A drop box was made available in each office reception wherein the answered questionnaires are to be dropped off. It was available to be collected from the office reception in the afternoon (3-4 pm 
Indoor Environment -Occupant Satisfaction Summary
Building A Building B
Although the invitation was emailed to the buildings' managers who forwarded the email invitation to participants themselves, the managers did not receive any of the survey responses and could not identify any of the occupants who had participated in it. Once filled in by the respondents, the data from the questionnaires are typed in to a pre-formatted Excel file, using a standard file format with fixed variable names and it sent to Building Use Studies. The survey building data files in Excel are then error and range checked. Excel files are readable by FileMaker Pro and Aabel (a statistical graphics package used for publication quality output), as well as being programmable by AppleScript. BUS's in-house analysis and data entry work is carried out using Apple OS, but with software which is cross-platform so that the approach can be replicated on other platforms if necessary.
RESULTS AND DISCUSSION
Evaluation of Building in General
With the view to evaluate each side of both Buildings performance like indoor environment, it was significant to put this in a wide context of the occupant's perceptions of the building altogether. Figure 1 shows a summary of Occupant Satisfaction with building design, image, and efficiency to provide a proper needs, with satisfaction scores for these aspects higher in Building A, which better than BUS benchmarks. This result is according to the BUS Summary Index, which is achieved from a selection of key variables in the employees' survey data. The occupants were asked to rate the overall building design.
The results showed that most of the occupants in Building A were satisfied with the design of the building (87%). The building scored higher than the BUS benchmark (5.4; 4.99 respectively). The majority of the respondents in Building B were also satisfied with the design of the building (65%). The building scored less than the BUS benchmark (3.64; 4.99 respectively). The results showed that 95% of the occupants in Building A were satisfied with the image of the building. However, 68% were satisfied with Building image in Building B. Fig. 1 Occupant satisfaction results for features according to both building
Evaluation of Indoor Environment
Indoor Evironment Summary
According to the survey results indoor air quality, thermal comfort, and overall comfort are rated more satisfied in Building A as indicated in Figure 2 , with satisfaction ratings for pertinent features of about 81 percent, and all higher than BUS benchmarks. The results showed that most of the occupants in Building A were satisfied with the lighitng and acoustical quality and it was rated (75 percent), and are statistically near to the benchmarks scale.
Perceived control of indoor enviornment was rated not satifactory in Building A, but only some occupants pointed this as significant to them, and that is the reason why this study is not considered as a major parameter in evaluation of the indoor Environment.
To summarize IEQ in Building A, air quality and thermal comfort are very good, based on employees perceptions. Lighting quality and Acoustics quality are considered satisfactory only, because of the comparatively lower occupant satisfaction scores for these paramerters.
Fig. 2 Summary of occupant satisfaction according to parameters of indoor environmental quality
Thermal Comfort and Air Quality
For Building A, the temperature in summer was rated comfortable (85%) whereas the temperature in winter was rated uncomfortable (66%). Air quality in summer was rated satisfactory (75%), also the satisfaction rating for air in winter was high (70%). The temperature in summer was observed as neither cold nor hot, and it is stable during the day. The temperature in winter was regarded as too cold, and it also varied during the day. The air in summer was noted as neither dry nor humid and mostly fresh and odourless. The air in winter was regarded as humid, neither still nor draughty and fresh and odourless. From these results, it can be observed that Building A did not perform well in the winter season, although the building is mechanical ventilated. With respect to the benchmark, the building performed below the benchmark for temperature in winter but above the benchmark for air quality and temperature in summer. Some concerns were raised during the questionnaire comments about temperature variation during the day and perceived lack of fresh air in summer.
In the case of Building B, the temperature in winter was rated comfortable (76%), otherwise the temperature in summer was not comfortable (59%). The results were the same for air quality. The air in winter was perceived as satisfactory (64%), but the Air in summer was not (59%). The temperature in summer was observed as mostly high and varied during the day. The temperature in winter was rated too cold and also varied during the day. The air in summer was noted to be mostly dry, stuffy and odourless, while the air in winter was regarded as dry and fresh. These results show that Building B did not perform well in the summer season. This may be due to the fact that the thermal control system employed in this building is not performing to the satisfaction of the occupants. In respect to the benchmark, the building performed above the benchmark for air quality in winter and temperature in summer and winter but below the benchmark for air quality in summer only. In conclusion, the study building performed well in the winter season but not very well in the summer season. Figure 3 shows a summary of indoor environment satisfaction scores for both seasons.
Fig. 3 Summary of occupant satisfaction with thermal comfort and air quality Lighting
Results from the BUS questionnaires for lighting-related variables are given in Figure 4 for both buildings. The majority of the respondents in Building A perceived that the over lighting condition in this building as satisfactory (82%). Artificial lighting was perceived to be satisfactory while natural lighting had some associated problems for many of the respondents. Glare from the sun and sky was also perceived as somewhat high, whereas glare from lighting was perceived as minimal. This is quite commendable considering that the building is 80% glazed. However, occupants' comments showed that the blinds are almost always drawn all year round. Overall, the building performed above the benchmark with a mean score of 5.23 against 4.96. The complaints included: "blinds need to be closed most of the year"; "the blinds need to block more light"; many areas are too bright"; "prefer not to have 2 tubes per light fitting in my officetoo much".
In Building B, the overall perception of the occupants was satisfactory (69%). Both the artificial and natural sources of lighting were rated as good (71%; 74% respectively), and there was little or no glare from lights, sun and sky. The building scored higher than the benchmark for all aspects of lighting with a mean of 4.88 against 4.96 for lighting overall, giving it a percentile of 87. There were no comments on the glare from the interior lighting. The respondents also complained that the toilets were too dark, which could be a result of the color of the interior walls.
Fig. 4: Summary of occupant satisfaction with lighting Acoustics
The occupants were asked to describe the noise in their normal work areas. Building A received a commendable satisfaction rate as 71% of the respondents were satisfied with the overall noise level. The noise from colleagues and noise from inside the office were regarded as a bit higher than normal and there were few or no unwanted interruptions. This is expected considering that the building has a larger number of occupants. The respondents also noted that the noise from outside was too little. This is expected considering that the building is located on a business district and mechanically ventilated, requiring closed windows. Regarding this, the building scored higher than the benchmark (5.22; 4.27).
In Building B, 55% of the respondents were satisfied with the overall noise level. There was also dissatisfaction with the noise from inside the building (74%), noise from other 
Facilities & Fitout
Building A Building B people (85%) as well as unwanted interruptions (70%). The noise from colleagues was regarded as normal. The respondents noted that the noise from outside was higher than normal, since the building is located near to the center of the city and mixed ventilated, requiring opened windows for air flow. Despite this, the building scored slightly lower than the benchmark (4.15; 4.27). There were 15 responses to noise in the respondents' work areas from the respondents in Building B. The responses were mostly negative (12) , centering on the noise generated from outside the building. Responses like "very noisy when front sliders are open", "traffic outside sirens", "can hear a lot of noise if people outside tenancy are talking" were prevalent. Other responses like "it can be noisy depending on number of people; open plan office", "reverberation on hard surfaces" identified other sources of noise in the building. In the case of, the responses on noise were also mostly negative. Responses like "can hear voices, phones in adjoining offices quite clearly. Discussions on social bridge area carry clearly to my office", "partitions do not stop noise from adjoining offices particularly telephone cables" were prevalent. Satisfaction ratings with acoustics in both buildings are indicated by the questionnaire results shown in Figure 5 . 
Facilities, Furnishings and Fit-out
As shown in Figure 6 , Building A occupants are highly satisfied with the building facilities, furnishings and fitout. Usability of workstations, the effectiveness of space use in the building, storage facilities, IT systems, availability of meeting rooms, and building facilities overall are all rated at more than eighty percent satisfaction and most of it is higher than BUS benchmarks. Satisfaction with the furniture of the office building is above 74%. Occupant comments were very positive about the cycling and changing facilities. In contrast to the high satisfaction rating for meeting room availability, detailed comments by occupants indicated that access to private work area for confidential meetings can be an issue at times. 
Evaluation of Health, Well-being, and Productivity
Productivity
According to the questionnaire results it was obvious that Building A has a big productivity instance comparing to Building B data. Figure 7 shows that 70% of Building A occupants have rated their building as getting a positive or neutral influence on productivity, compared with just 29% in Building B. According that turning that data into productivity gain or loss, as shown in Figure 8 , it is evaluated that this could show a greater than 15% productivity and performance growth, according to the nine-point scale and evaluation method used in the BUS survey.
The occupants were asked to estimate how much they think their productivity at work is decreased or increased by the environmental conditions in the building. 62% of the respondents in Building A reported an increase in their productivity at work (+10% to +40% or more), 30% reported a decrease (-10% to -40% or less), while 8% reported that their productivity had neither increased nor decreased (0%). The close response rate between those that stated a positive increase and those which were neutral is in line with the response received for the question on perceived health. With this result, Building A attained a percentile of 84, with a higher score mean than the benchmark (13.47; 3.78 ).
In the case of Building B, twenty percent (20%) of the respondents reported an increase in their productivity at work (+10% to +40% or more), 56% reported a decrease (-10% to -40% or less) while 24% reported that their productivity had neither increased nor decreased (0%). This result is in line with the one on Health. Building B attained a percentile of 87, with a much higher mean score than the benchmark (-6.33; 3.78). The responses on productivity were somewhat different from the rating received. The respondents made comments such as "can't really say, but it is a lovely building to arrive to everyday", "not aware that this is affected". There were also responses that identified other factors which are not related to the indoor environment of the building as potential factors that influenced an increase in their productivity. These are evidenced in responses made such as "productivity, affected as much by other factors of people culture and work projects", "affected by colleagues". Some respondents stated that adapting to the environment has had an influence on their productivity.
Responses that related to the building environment were centered on comfort rather than productivity with responses like "hard to work when you are freezing", "too cold in winter", "having the ability to have fresh air within the tenancy rather than ac modulated definitely better for productivity". In Building B, the responses were in line with the ratings. The majority of the responses showed that the occupants did not think their productivity had been increased nor decreased by the environmental conditions in the building. The respondents gave answers such as "can't know if it affects productivity", which illustrates a lack of awareness of the effect of IEQ on productivity. Other comments from occupants indicate that air quality and building image were important for productivity and the open plan office layout has enhanced teamwork and communication. 
Health and Wellbeing
The occupants were asked the question "Do you feel less or more healthy when you are in the building?" The majority of the respondents in Building A stated that they did not feel less nor more healthy in the building (28%). 26% felt they were more healthy, while 46% stated that they were less healthy in the building. This gave the building a percentile of 24 amongst buildings internationally. The building also scored lower than the benchmark (3.6; 4.2).
In Building B, fifty-two per cent (52%) of the respondents stated that they were more healthy; 22% stated otherwise and 26% stated that they were neither less nor more healthy in the building. This gives the building a percentile of 69 amongst buildings internationally. The building also scored higher than the benchmark (4.61; 4.2).
Responses on health in Building A were mostly negative. However, the quality of these responses described the preference of occupants in relation to previous buildings. The respondents complained of fumes that travel through air-conditioning, sore throat, headaches from glare and the stuffy environment .
CONCLUSION
Three objectives were set to test the adequacy of the BUS questionnaire. Firstly, to ascertain whether the occupants were comfortable and satisfied with the performance of each building, secondly, the questionnaire was used to assess the occupants' perception of the IEQ factors in each building; and thirdly, to assess and compare the differences in perceived productivity as a result of the IEQ in each building.
This study observed that the occupants of both buildings were satisfied with the building's performance. Although the claim that LEED certified office buildings can offer more comfortable environments to their occupants than other conventional buildings based on the sample studied in this research. The LEED certified office buildings in this research offered workspaces with better thermal comfort, indoor air quality, lighting quality and acoustics quality. The evidence provided in this research was based on subjective qualitative feedback from buildings' occupants about them.
The second component involved the administration of an occupant survey to occupants working in there. A survey was conducted to evaluate occupants' perception and satisfaction with their workspaces IEQ. The survey comprising a total of 45 questions enquired about occupants' demographics, their satisfaction with temperature and thermal comfort, lighting quality and acoustics quality.
The third objective of the research entailed evaluating IEQ in relation to occupant health, well-being and productivity in a LEED certified office building using BUS methodology. The resulet shows that occupants' preception of the LEED certifed building with health and well-being was unsatisfactory since most of occupants comment the absence of fresh air is the main reason of this concerns. 
